Abstract. In order to identify independent predictors for bed net use, respondents from 643 households selected randomly from 21 clusters were interviewed in Mbarara municipality, Uganda. Respondents answered questions about demographic characteristics, social economic conditions, causes and transmission of malaria, beliefs about severity and complications of malaria, malaria morbidity and health care-seeking behavior, perceived control of malaria prevention, beliefs about utility of bed nets, perceived susceptibility to malaria, and whether they use bed nets or not. Univariate and multivariate logistic regression analyses were used to identify predictors for bed net use. Fifty-five percent (356 of 643) of the households had bed net users. The independent factors that favored bed net use were as follows: 1) age Ͻ 30 years, 2) ownership of a television, 3) having mosquito nets in ventilators of the house, 4) being a skilled worker or a professional, or owning a major business, 5) living in a permanent house, 6) believing that bed nets prevent malaria, 7) believing that bed nets are worth their cost, 8) not believing that convulsions cannot be cured by modern medicine, and 9) believing that bed nets are not expensive. The strongest predictors of bed net use are living in a permanent house and agreeing that bed nets are worth their cost, with adjusted odds ratios of 4.29 (95% confidence interval, 2.76-6.71) and 3.93 (95% confidence interval, 2.5-26.13), respectively. These data suggest that in order to increase the use of bed nets, the price of bed nets needs to be reduced and educational messages that stress the favorable use of bed nets need to be increased.
INTRODUCTION
On a global scale, malaria causes an estimated 500 million clinical cases and ϳ 2.6 million deaths annually, with Ͼ 90% of the cases of malaria shouldered by inhabitants of lowincome countries of sub-Saharan Africa. 1 Measures for malaria control include chemotherapy, chemoprophylaxis, preventing vector contact with people, and vector control. The primary approach to malaria control in sub-Saharan Africa has been chemotherapy. However, the provision of effective chemotherapy, which had been mainstay of malaria control in countries such as Uganda, is now hampered by the emergence and spread of chloroquine-resistant Plasmodium falciparum. 2 Bed nets (mosquito nets) are an efficacious strategy of malaria control in selected areas. Insecticide-impregnated bed nets significantly reduce mortality and morbidity, as well as the incidence of severe malaria. [3] [4] [5] [6] [7] They are also cost effective, 8, 9 and if used widely, they may delay the spread of chloroquine resistance. The use of bed nets is therefore a priority for malaria control in sub-Saharan Africa. The widespread use of impregnated bed nets is, however, limited by the absence of a sustainable mechanism for insecticide retreatment, low rates of usage (especially of insecticide-impregnated bed nets), and concerns regarding cost. [10] [11] [12] An understanding of the factors influencing bed net usage is therefore a prerequisite for designing strategies aimed at improved bed net use. The current report describes factors influencing bed net usage in an urban area of Uganda where no project on improved bed net usage has been undertaken.
MATERIALS AND METHODS
This population-based cross-sectional survey was carried out in Mbarara municipality in southwestern Uganda. The municipality has an estimated 100,000 people on the basis of the 1991 national census, and is divided administratively into third-level local councils (LC3s; Kamukuzi, Kakoba, and Nyamitanga), 6 wards (second-level local councils, or LC2s), 50 first-level local councils (LC1s), and ϳ 20,000 households. Approximately 25% of the population is aged Ͻ 5 years.
The municipality includes hills and valleys and is mesoendemic for malaria. Malaria infections and morbidity have seasonal peaks after rains in March-May and in September-December. Epidemics occur about every 4 years. The main malaria treatment facilities are provided by Mbarara Hospital, which is the teaching hospital for Mbarara University. In each of the 3 divisions of the municipality, there is a government dispensary that provides primary treatment of minor illnesses. There are also private clinics and nursing homes throughout the municipality. Bed nets are sold mainly by private traders; the price is determined by market forces. On average, a nonimpregnated net costs ϳ 10,000-20,000 Ugandan shillings (ϳ US$6-12). The cost of an impregnated net ranges 20,000-30,000 Ugandan shillings. Messages promoting the use of bed nets are commonly relayed on the 2 FM radio stations that are located in the town. These messages were particularly intensified after the disastrous 1998 malaria epidemic.
Selection of study participants. All households located in the municipality were included in the study population. Twenty-one LC1s with ϳ 30 households each were chosen for the study. The municipality was first stratified into divisions, then from a list of LC1s, households were selected in proportion to the population size of each division by use of a table of random numbers. Starting in the center of each LC1, a stick was spun, and the orientation of the stick determined the direction followed by interviewers. If there was nobody to interview at home, the next household was visited. Less than 5% of the households initially selected did not have anybody to interview, possibly because most of the interviews were done on Sundays, when people stay at home.
Data collection instruments. A precoded, pretested questionnaire was administered to the head of household or Dependent variable. In this study, the criterion for bed net usage was having at least one bed net in the household. If there was no bed net in the household, it was labeled nonuser. Households were considered users regardless of whether or not the net was actually used or the way in which it was used. Thus, what was actually measured was ownership rather than use of a bed net. A household was defined as a group of people who cook and share their principal meals together.
Independent variables. The independent variables were age, ethnic background, religion, marital status, ownership of a radio, ownership of television, type of house, occupation of respondent and spouse, education level of respondent and of spouse, perceived cause of malaria, perceived severity and complications attributable to malaria, health beliefs influencing the use of bed nets, perceived susceptibility to malaria, self-reported malaria morbidity in the previous 2 weeks, and seeking health care for malaria.
Sample size. The study was aimed at interviewing at least 250 households that used bed nets and at least 250 who did not use bed nets. This sample size is large enough to identify determinants of bed net usage, with a relative risk of 3 or more unless the determinants are extremely common or uncommon. This sample size also has a good chance of identifying determinants with a relative risk of 2-3 if prevalence in the study population is 20-70%. 13 The prevalence of bed net usage estimated from mothers attending the prenatal clinic at Mbarara University teaching hospital was 45% (95% confidence interval [CI], 35-55) (Nuwaha, unpublished data). About 95% of all mothers in the municipality attend prenatal clinics at least once.
Ethical considerations. The research was approved by the research and ethics committees of the Faculty of Medicine, Mbarara University of Science and Technology, and informed consent was obtained before interviews took place.
Data analysis. Univariate analysis with the chi-square or Fisher's exact test by 2-tailed tests was used to compare proportions. Crude odds ratios and the 95% CI were calculated after univariate analysis. To identify independent predictors of bed net use, stepwise multivariate logistic regression procedures were used. All variables that were significant via univariate analysis (P Ͻ 0.05) were used in the multivariate analyses. Forward-selection and backwardelimination methods were used to enhance the robustness of the model. Both procedures produced the same model. Variables that did not improve the fit of the regression (as measured by log likelihood) were left out. Adjusted odds ratios were calculated after multivariate analysis. The statistical software packages Epi Info version 6 13 and SPSS/PC 14 were used in the analyses.
RESULTS
The total number of households surveyed was 643. Of these, 356 households (55%, 95% CI, 51-59) had at least one bed net, and 287 (45%) had no bed net. A total of 471 of the respondents (74%) were women. Seventy-five (12%) of the households were headed by women. Of the 643 households, 130 (20%) included a pregnant woman, and 432 (67%) households included at least one child aged Ͻ 5 years. The mean family size was 5.2, with a standard deviation (SD) of 3.3. The mean number of children Ͻ 5 years was 1.3 per household, with a SD of 1.1, and for children aged Ͻ 10 years, the mean was 1.9, with a SD of 1.3. Of the 643 respondents, 249 (38%) were heads of household, and 394 were spouses of heads of household. A total of 367 (57% of the households) had lived in Mbarara for Ͼ 5 years.
Of the 356 households with bed nets, 105 (16.3%) had one bed net, 118 (18.4%) had 2 bed nets, 62 (9.6%) had 3 bed nets, and 73 (11.3%) had 4-8 nets. Only 44 of 356 households (12%) reported that their bed nets were insecticide impregnated. Users of impregnated bed nets did not differ from users of nonimpregnated bed nets in terms of age, socioeconomic status, or health beliefs about malaria. Among the nonusers, 52 of 287 (18%) had used bed nets in the past but were currently not using them. Reasons for stopping included the cost of new bed nets (26 of 52, 50%), reduced risk of exposure to mosquitoes (n ϭ 11, 21%), was inconvenient on hot nights (n ϭ 9, 18%), and children outgrew bed nets (n ϭ 6, 11%).
Demographic characteristics. Table 1 shows the distribution of bed net users and nonusers in terms of age, type and sex of respondent, length of residence, ethnicity, family structure, marital status, location of dwelling, and religion. Table 2 . The use of bed nets was favored in measures of socioeconomic index, namely ownership of radio or television, living in a permanent house with mosquito netting in ventilators and windows, respondent or spouse being a skilled worker or professional or owning a major business, respondent or spouse having at least 11 years of formal education, and being able to read in vernacular or in English.
Perceived causes of malaria severity and complications. Perceived causes of malaria, severity, and complications are shown in Table 3 . People who used bed nets were more likely to believe the following: that malaria was caused by mosquitoes; that malaria is severe in some people; that malaria is not caused by fresh fruits and/or maize; that convulsions could be cured by modern medicine; and that big spleen disease could not be cured by traditional medicine. Saying that malaria is caused by bad water, witchcraft, or staying near somebody with malaria did not influence bed net usage.
Malaria morbidity and health care-seeking behavior. Malaria morbidity and health care-seeking behavior are shown in Table 4 . It appears that bed net usage does not influence malaria morbidity at the household level. Ownership of bed nets was also not associated with choice of health care provider in the modern sector. However, nonusers were more likely to use traditional medicine for a malaria episode in the last 2 weeks and less likely to undergo a blood examination. Nonusers of bed nets were also more likely to have used traditional medicine for prevention or treatment of malaria.
Perceived control of malarial prevention and beliefs about bed nets. Respondents were asked if prevention of malaria depends on the respondent, chance, respondent's spouse, or other people or things and their beliefs toward bed nets. The results of these beliefs are shown in Table 5 . Respondents saying that preventing malaria depends on the self and not on chance favored bed net usage. Users of bed nets were more likely to believe that bed nets prevent mosquito bites, that bed nets reduced the risk of malaria, and that bed nets are worth their cost.
Perceived risks of malaria. Respondents were asked about the chance of them or a family member getting malaria and whether anybody in the family has ever been admitted for malaria or had died as a result of malaria. The results are shown in Table 6 . Perceived reduced chance of respondent or family member in getting malaria favored bed net usage. However, having a family member who had died of malaria or who had been admitted for malaria did not influence bed net use. Independent predictors of bed net use. Table 7 shows the independent predictors of bed net usage. The factors that favor bed net use are being Ͻ 30 years of age, ownership of television, having mosquito nets in ventilators of the house, respondent or respondent's spouse being a skilled worker, professional, or owning major business, living in a permanent house, believing that bed nets prevent malaria, believing that bed nets are worth their cost, not believing that convulsions cannot be cured by modern medicine, and believing that bed nets are not expensive. These 10 variables predicted bed net use, with 293 (82%) of 356 of bed net users correctly classified and 205 (71%) of 287 of the nonusers being correctly classified. Overall, 498 (77%) of 643 of the households were correctly classified. This classification was significantly different from that observed by chance (Ϫ2 log likelihood ratio 64, 632 degrees of freedom [df] and significance 0.39; model chi-square 243, 10 df and significance Ͻ 0.001; and goodness of fit 639, 632 df and significance 0.43). The strongest predictors of bed net use are living in a permanent house and agreeing that bed nets are worth their cost, with adjusted odds ratios of 4.29 and 3.93, respectively.
DISCUSSION
This study estimated the prevalence and factors influencing use of bed nets in an urban sample. The prevalence of bed net usage in this study is higher than that reported in other areas of Uganda, including Ndeeba, Kampala (Makanga, unpublished data), and in Fort-portal and Bundibugyo districts (Killian, unpublished data). A possible explanation was that in Ndeeba, Kampala, the study concentrated on a slum with households in a low socioeconomic class. The study in Fort-portal was in a rural area where the standard of living is much lower than in Mbarara municipality. Another explanation is that the current study was performed 8 months after a major malaria epidemic in southwestern Uganda. It is possible that this epidemic, with one of the highest mortality rates recorded, could have motivated people to use bed nets. During and after the epidemic, the health authorities intensified the campaign for bed net usage on FM radio stations. Furthermore, the malaria epidemic attributed to the El Niño weather phenomenon could have increased nuisance bites from the increased mosquito populations, thereby motivating people to use bed nets.
The independent factors influencing bed nets can be 15 and in other low-income countries. 16 The influence of age on bed nets use was surprising and may indicate that younger people are more likely to heed health education messages. Also, according to a theory of adoption of innovations commonly used in applied social psychology, young people are likely to be innovators or early adopters of preventive technologies. 17 On the other hand, young families are more likely to have young children and pregnant women and are therefore more likely to use bed nets. However, evidence from the present study does not support this reasoning: households with children aged Ͻ 5 years or with pregnant women did not have a higher rate of bed net use.
The influence of high socioeconomic class on bed net usage was expected and not surprising. People in a high social economic class are likely to have more disposable income that can be used for purchase of bed nets. Furthermore, they are likely to have more favorable beliefs towards the use of bed nets and are therefore likely to pay attention to health education messages in both print and electronic media. The cost of one nonimpregnated bed net averages ϳ 15,000 Ugandan shillings, which is ϳ US$10. Given that the average monthly income of a Ugandan worker is ϳ 70,000 Ugandan shillings, there is not much savings to invest in the purchase of bed nets. Extrapolation of these results in rural areas where 80% of Ugandans live with even less disposable income implies that bed net usage in rural areas is even lower than in Mbarara municipality.
In the current study, favorable beliefs were very important in predicting use of bed nets. Users were more likely to believe that bed nets prevent malaria and are not expensive, and more importantly, they were more likely to believe that bed nets are worth the cost. These data are supported by research from applied social psychology and health education, where attitudinal and self-efficacy beliefs of this nature are very important in influencing health-related behavior. 18, 19 According to social-psychological models, these beliefs are particularly important in behavior change because they could be targeted for modification that use health education or promotion or other appropriate methods. 20 Limitations of this study are mainly due to its cross-sectional nature. This means that it is difficult to establish cause and effect. For example, use of bed nets could lead the respondents to underestimate the risk for malaria. Nevertheless, this study provides useful information about bed net use that may be of practical importance.
Implications for intervention. These data suggest that in order to increase the use of bed nets, there is a need for more health education and promotion messages on the advantages of bed net use. Because beliefs were important distinguishing features between users and nonusers, it implies that such messages are relevant and need to be strengthened. Indeed, people need to be convinced that bed nets are worth the cost and that they are probably as important as shoes, clothes, radio, or television. If bed nets cannot be provided for all family members, they should at least be provided for children aged Ͻ 5 years. Because Ͼ 87% of the respondents believed that malaria is more severe in children aged Ͻ 5 years, this targeting of bed net use may be acceptable to this community.
Only 12% of the bed nets used in this community were reported to be impregnated with insecticide. There is a need to increase the use of impregnated bed nets, which give greater protection against malaria than nonimpregnated bed nets. 3 Moreover, impregnated bed nets also kill other household insects and pests and have a spillover effect, protecting those who do not use them, both in the household and in the community. 9 Because indicators of high socioeconomic status influenced bed net use, there is a need to reduce the price of bed nets so they are affordable by members of lower socioeconomic classes. Measures for reducing prices include bulk purchasing, tax exemption, local tailoring, and instituting community-based distribution and reimpregnation mechanisms. [21] [22] [23] The issue of a public subsidy for impregnated bed nets also needs to be seriously considered. 8, 9 
